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© Water-based pigment ink and process for producing the 



same 



© A water-based pigment ink having high concentration which provides excellent jetting stability when using for 
ink-jet pnnter and provides excellent writing stability when using for fine-point pen is provided. 

The water-based pigment ink comprises water and carbon black, wherein said carbon black has a surface 
active hydrogen content of not less than 1.5 mmol/g. 
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wate^L^^ inkS - M ° re PartCU,ar,y ' present inven «°" — « to 

Water-baS Tdvl ^ co „^ 9 ^ M 8 C ° ,0r3nt 3,111 10 3 process for Producing the same. 

image recorded I Tata -basS ilSt , „ I" 6 '" " ° rder t0 impart light "« water resistanc <* to an 
desired. P Qment mkS wh,Ch contain a P*"** such as carbon black has been 

usm^ ^dCi^ir^rrr fine,y dis r sed ^ in « « «~*- ■» 

s^eth,^^^ SUCh - W3te ^ 3 <^ resin, 

acidf £^ exarnpie disdcse water-based pigment inks which comprise 

and a water-so.uble rest ^ * printing which com P rise «**: carbon black 

smoXtt^rt 6 ^ baZin^ ** *"* ° f M head and * write 

setting. P ba " P °' nt P6n ' * e onfice or 1,16 «P have to be prevented from drying and 

-^^^ dispersant is empi ° yed *» p*** or ^en 

aga^and the onfTce o 'th Tp m^^^*' " p - ]\^™*«™ * « to dissolve 
viscous, and it forms a resistino 2 2? ' * 8 water - based '<* containing a dispersant is 

high-speed i^b S^?^ t0 3 ° f 1,18 **** Printi "9 head when c ° nti ™°<* or 
unstable, whfch reLS ini^e^ 9 ' "*» »" * "» "* 

ordJt^v^S^^ P, ' 9ment ^ ^ 10 h3Ve re,ative,y ,0W — «" 

dye ink. ' reSUIIS In poor Drintin 9 densit y as compared with water-based 

the carbon black is also enlarged so 7at 1 C3 Z! w ? u ° k ' S ■' n?proved - The surface area of 
which results in good ^^SSbSr ^ ChemiCal Pf ° PertieS like 3n acidic 

p^^^trs^.": ,rr r 5 k i p rr n ? ■? than 15 mmoi/g - more 

poor. On the other hand, when it is more than Z , 9> * 9 W3t8r dls P ersibilit y ™V become 

■net..,, M*. The JTC^.X"*^, m8,,,,l 9 '° UP " 

methylsilver iodide. The weiaht of the orioinai ZZ i • , te S0,utl0n t0 P rec, P ita te it as 
from the weight of mnS^S^ % 9r ° UP ' '- 9 - *° ^ ° f ^ Hydr ° 9en iS me3sured 

Zt iSt^? b^ k " - i9ht S! *e water-based pigment ink. When £ 

other hand, when I'SiTS talo?^ S? i^S^Z °" *" 

precipitate during storage for a long peHod of «me. JSS tiSS".** SJSST ^ 
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The average particle size of the carbon black is not more than 200 nm. preferably not more than 150 

2m „T«,r?* irlTZ ^ 100 " m - men avera9e particle size of * e carb °" black exceeds 
ajrj nm, the carbon black tends to precipitate. 

s onfin^fJ^ P i9ment '" k 0f the P resent invention can contain a water-miscible organic solvent. 

- y ; h * a,er - m,sc,b,e or 9anic solvent, water and a mixture thereof are referred to as "aqueous 
medium" throughout the specification. oqueuua 

as ™Tf£nL? e ZT riff 9 ° r9aniC S0 ' Vent inClUde alkyl alC0h0,s havi "9 1 to 4 carbo " atoms such 
fobuSlS l? Y ?' n " Pr ° Pyl a ' COh01 ' iSOpr ° Pyl a,Coho1 - n - but y' a,coho1 - sec " bu ty' Alcohol and 
J0 SSSI^^SSTh ? 9 a ' COh0,S SUCh 33 aC6t0ne ind diaC8tone alcohol: such 23 

^IStEh 0 ?^ T rT a ' kylene 9,yC0,S SUCh 35 ethytene P ro Py' ene Q"** diethy.ene 

glycol and methylene glycol; polyalkylene glycols such as polyethylene glycol and polypropylene glycol- 

™* i e T h ers ? p h ol , yhydric alcoh0,s - such 35 ethylene rt£.^SKSS 

Sh^S. h Y . 9,yC0 ' m0B ° e,hy ' 6ther lnd ^y' 6 " 9 ™™W ether; lower alky. 

>. ntLSoLnf "I P N ° lye ?H y, f ", 8 9,yC01 m ° n0methyl 6ther 3Cetate: **** «* Py- olid0 ^ such as 2" 
^22? , T N-roethyl-2-pyrrolidone. The amount of these organic solvents to be used is not 
specially limited, but is generally within a range of 3 to 50% by weight 

comS^l^r ^ ° f Pr9Sent inVe " ti0n iS Pr6f9rab,y Pr ° dUC8d by process which 
(a) providing acidic carbon black; and 
20 (b) oxidizing the acidic carbon black with a hypohalite salt in water 

acidlw^ausT K^ltT"'?* t6rm " addiC Carb °" bl3Ck " meanS C3rbon black which exhibi * 
Z rL«T ? 't has a carboxyl group on a surface of the particle. The acidic carbon black employed in 
the present water-based p.gment ink has a P H of preferably not more than 6. more preferably not more than 

M fuma«%TaS C an T^ n ^, iS by ° Xidi2ing 3 neUtral Carbon b,ack for colora "t «* as 

Si h b aCk - appro P r,ate| y- 1,16 P^cess for oxidizing employed may be a conventional 

^rT^J^r"^ 'J 39 * SUCh " " itriC add - OZOne ' hydr09e " P e ^ de - d 
Z^p£,f f T meth ° d SUCh 33 a plasma treatment " acidic carbon black is 

3 o "Z" S f m r T ^ M ' teUbiShi C °- LW - Under the *■* na ™ ° f "MA100". "2400B" and 
30 MA8 and from Tegusa Co. under the trade name of "Color Black FW200" 

Sr n rPfL p? f Um h yP° chlorite and P°^sium hypochlorite. Sodium hypochlorite is particu- 

larly preferred in view of reactivity. 

ta « 7h i^S C h Ca *°!!. b ?? ? 9enera " y 0XidiZed by introduci "9 1,16 ^idic carbon black and hypohalite salt 
(e.g.. sod um hypochlorite) having an effective halogen content of 10 to 30% by weight into a suitable 
amount 0 water and stirring the resulting mixture at 50-C or more, preferably 95 to 105-C for 5 hou« or 

L P JT^ 1 °H t0 J 5 h ° UrS - 3m ° Unt ° f 0,6 h y p0h3lite salt ™y vary depending on 

rts type actually employed, but it may be generally 1.5 to 75% by weight, preferably 4 to 50% by weight 

«. S^XSZSF" b,ack> ™ e resuWn9 ca * on b,ack has a surface activ ° hydro9e - ~ 

with^^^^T?" Pr ° dUCt) iS filter6d and Side P rod "ced salts are removed by washing 

0 0* m ZtsZ^* Pr ° dUCt 13 PUrified With 3 Separ3tion membrane havi "9 a p °* d ^«er of 
men cr^rpntrat h t ° S ™ SiS membr3ne 3,1(1 ultra »n membrane. The purified product is 

.5 ^SESl » P^e*dhp«ed concentrate having a carbon black content of 10 to 30% 

« by weight based on weight of the pigment-dispersed concentrate 

reduced J^^^J«"«**» can be used as water-based pigment ink as it is. but it is preferably 

nk S 1 C ° ntent ° f 1 10 20% by We, ' 9ht based on we, '9 ht ° f *• water-baseS pigment 

ink. The p gment-dispersed concentrate may be dried to prepare a pigment powder. The pigment-dispersed 

so Zt "so? 6 ! ? erW ' S H, b l COnC6ntrated t0 Prep3re 3 p, '9 ment pa ^ 9 havi "9 a JkSmSSSTS 
so about 50% by weight, and the resulting pigment paste may be dried to prepare a pigment powde The 

pigment powder or the pigment paste may be introduced in a suitable amount of an'a^ueous medL to 
give the water-based pigment ink of the present invention. '"eaium 10 

The water-based pigment ink of the present invention is sufficiently desalted and purified and it does 
not corrode a writing implement or an ink-jet printer. On the surface of the present carbon black at least a 
55 part of the carboxyl groups forms carboxylic acid salt with an alkali metal derived from the hypohalite salt 
which was used as the oxidizing agent. Therefore, it is not necessary to contro. the pH of the presenTwa 7- 
based pH ment ink However, it is preferred to control the pH within a range of 8 to 10. similar to usual 
water-based dye ink. ,n order to achieve a good dispersion stability of the present water-based pigment ink 
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for a long period of time. 

Examples of a pH control agent which can be used include alkanolamines such as mono-, di- and 
triethanolamine; and hydroxides of alkali metals, such as sodium hydroxide, potassium hydroxide and 
lithium hydroxide. 

s The water-based pigment ink of the present invention can contain a suitable amount of additives such 
as a viscosity control agent, mildewproofing agent or rustproofing agent, which are generally used for this 
kind of ink. 

Further, to the water-based pigment ink of the present invention can optionally be added a water- 
soluble resin (e.g., a low condensate of vinyl pyrroiidone, a water-soluble aikyd resin or a water-soluble 
70 acrylic resin), an alcohol-soluble resin (e.g., phenol resin, acrylic resin, styrene-maieic resin or ketone 
resin), in order to impart gloss to the printed matter or the written letter. It is preferred that a weight ratio of 
the water-soluble or aicohol-soluble resin to the carbon black is not more than 1/10 in view of the jetting 
stability of the water-based pigment ink. 

According to the present invention, the carbon black which was highly oxidized and which has excellent 
75 water dispersibility as compared with commercially available acidic carbon black as a colorant is provided. 
The present carbon black has an increased amount of a polar group (e.g., a phenolic, hydroxyl or carboxyi 
group) and has an enlarged surface area. 

The present water-based pigment ink therefore has excellent dispersion stability for a long period of 
time, even if it does not contain a pigment-dispersed resin, a surfactant or the like, or even if it is not 
20 treated with a mechanical disperser. 

The present water-based pigment ink has good recording/writing characteristics and it may preferably 
be employed for an ink-jet printer for high-speed printing and a writing implement for fast writing. The 
present water-based pigment ink hardly provides blurred printing or writing, even if it is used in such a 
disadvantageous condition. 

25 The resulting printed matter has improved fastness (i.e.. light and water fastness) as compared with 
those obtained by water-based dye ink. Furthermore, the printed matter has a density equal to or superior 
to a water-soluble black dye, because the carbon black may be contained at high concentration in the 
present water-based pigment ink. 

30 EXAMPLES 

The following Examples and Comparative Examples further illustrate the present invention in detail. * 
Example 1 

35 

After 300 g of commercially available acidic carbon black having a pH of 3.5 (MA-100. manufactured by 
Mitsubishi Kasei Co., Ltd.) was sufficiently mixed with 1000 ml of water, 450 g of sodium hypochlorite (an 
effective chlorine content of 12%) was added dropwise and the mixture was stirred at 100 to 105 *C for 10 
hours. The resulting slurry was filtered through a Toyo filter paper No. 2 (manufactured by Advantis Co.) 

40 and washed with water until the pigment particle leaked out. This wet cake of the pigment was dispersed 
again in 3000 ml of water and desalted with a reverse osmosis membrane until eiectroconductivity of the 
dispersion became 0.2 uS. The resulting pigment dispersion (pH 8 to 10) was concentrated to have a 
pigment content of 10% by weight. 

The resulting pigment dispersion was acidified with aqueous hydrochloric acid, purified with a mem- 

45 brane again, concentrated, dried and pulverized to give a powder of oxidized carbon black. The surface 
active hydrogen content of the oxidized carbon black was measured as described above. As a result, it was 
about 2.8 mmol/g. 

Example 2 

50 

5 Parts of ethanol and 5 parts of 2-methylpyrroiidone were added to 50 g of the pigment dispersion 
obtained in Example 1, and water was further added until the total weight became 100 g to obtain water- 
based pigment ink. The viscosity of this ink was not more than 1.8 mPa-s/25*C and the average particle 
size of the carbon black was 150 nm. The average particle size of the oxidized carbon black was measured 
55 with a laser beam diffusion grain size distribution measuring apparatus (LPA3000/31 00, manufactured by 
Otsuka Denshi Co., Ltd.). 

This ink was then loaded to an ink-jet printer having a normal nozzle for water-based dye ink (HG5130, 
manufactured by Epson Co.) and printed to a piece of paper. As a result, jetting of the ink was stable, and 
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SS^ WaS fl rapid j and !T 0th - 1,16 reSU,ting printed matter was d'PPed in water after drying, but no 
p.gment was flowed out Thus, water resistance of the printed matter was good 

nr n ™£r'r k " ,et Pri " ter !f f ° r 56Veral h0urs at room tem P^ture in order to dry its nozzle. The printing 

SldTfT ! ^!. deSCribed *«• aftar * e '^'ng- As a result, the water-based pigment ink did 
not set and no failure of jetting was occurred. 

th. wnlt ^ 4,1611 P - e$erVed 31 50 " C ,or one month ' and 816 aPPearance. the average particle size and 
cS not chl Wer ?H eXam,ned ? 3 reSU,t> "° Pi9ment pr6Cipitated and rts avera 9° P«** i and viscosity 
*e ink Sah^nSr r 6 " "* by USing ^ ^ printer again " ^ a res ^ »** 2 

SrSL 7 ♦ ? ^o 1 " 19 W3S Sm ° 0th " ° PtiCal density 0f * e so,id P rinted P^ wa * "measured using a 
Macbeth densimeter (TR-927. manufactured by Columogen Co.). The result obtained was 1 34 whlh 
value may be evaluated as satisfactory. ' 

Example 3 

Mit»I^^l ( J ft C TIJ! rC,any T' labl f addiC Carb °" blaGk having 3 pH of 3 " 5 < MA8 - manufactured by 
22JTh5? ♦ V To SUffiCiently miX6d With 1000 ml of water - 450 9 ° f sodium hypochlorite (an 
effect.vech.onne content of 12%) was added dropwise and the mixture was stirred at 100 to 105- C for 8 

oiorSn^liof l^T- fi ' tered thr0U9h 3 T ° y ° filter paper No - 2 and washed with water until the 
T ° Ut : ^ W6t Cake ° f 4,16 Pi9ment was dispersed a 9 ain in 3000 ml of water and the 

resulting d.spers.on was desalted with a reverse osmosis membrane until electroconductivity of the 

t:oZ o ^r b T:Zt s ' ™ s dispereion was men concentrated untii a pi9ment content ° f *• 

branrLTrl 9 P TfH ^ P T°1 ^ wHh aqU90US W™"™ acid, purified with a mem- 

i C0ncen f ated ' d " ed and P"'**** to give a powder of oxidized carbon black. The surface 

rS issj^jjt resu,tin9 oxidized carbon b,ack was measured 35 described — as a 

Example 4 

30 solufionl'JL?^? , Part l° f ^y'Py™ 1 ^ wer * added to 50 g of the pigment dispersion 

w^2^- ♦ T P t! 3 * ™* W3ter W3S further added untii the tot a" weight became 100 g to obtain 

2S;r k h T , h V iSC ° Sity ° f ^ ink Was not mora than 18 mPa.s/ 25 .C and the average 
particle size of the carbon black was 100 nm. 

as nrintI!j i5 J n a k „? S T " pn ' nter having a normal n022,e ,or water-based dye ink and 

was rl d anTsmnir^ " ^ " * ^ 0f 1,16 ink was * able - d P™«"9 

I lX ™ ?' 9 Pnnted matter W3S dipped in water after but "° P'gment was 

flowed out. Thus, water resistance of the printed matter was good 

The ink-jet printer was left for several hours at room temperature in order to dry its nozzle The orintina 

40 not set and no failure of jetting was occurred. 

the 2£5£ WaS tten at 50# ° f ° r ° ne m ° nth ^ and a PP^nce, the average particle size and 

*d r2r^r ,ned ' r su!t ' no pigment precipitated and * s ***** and 

did not change The preserved ink was then printed by using the ink-jet printer again. As a result, jetting of 
the ink was stable and printing was smooth. y 

45 

Comparative Example 1 

™th^ ba f d P t i9 ? nt I" 1 " W3S PrePared by adding 85 g of water 5 9 of ethanol and 5 g of 2- 
methylpyrrol.done to 5 g of acidic carbon black having a pH of 3.5 (MA-100, manufactured by Mitsubishi 
so Kase, Ca) to have the total weight of 100 g. followed by sufficient stirring. The acidic caZ black wi nS 
aspersed « water at all. When the resulting ink was .eft for several minutes at room temperaTe I 
supernatant was formed, and the ink cannot be employed for printing. The surface active hydrogen content 
of the resulting ac.d.c carbon black was measured. As a result, it was 0.13 mmol/g. 

55 Comparative Example 2 

To 100 g of an acidic carbon black having a pH of 3.5 (MA-100. manufactured by Mitsubishi Kasei Co ) 
100 g of an aqueous acrylic resin solution (Johncryl J-62, manufactured by Johnson Polymer Co.) and 300 
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g of water were added, and the mixture was dispersed for 5 hours using a hori2ontal beads mill to give a 
dispersion having an average particle size of 150 nm. 

5 g of ethanol and 5 g of 2-methylpyrrolidone were added to 25 g of the resulting dispersion, and water 
was added until the total weight became 100 g to obtain water-based pigment ink. 

The viscosity of the water-based pigment ink was 4 mPa-s/25'C and dispersion stability was good. 
This ink was loaded to an ink-jet printer having a normal nozzle for water-based dye ink and printed to a 
piece of paper. As a result, jetting stability of ink became poor, gradually, and printing density also became 

The ink-jet printer was left for several hours at room temperature in order to dry its nozzle. The printing 
procedure was repeated as described above after the leaving. As a result, the water-based pigment ink set 
and the pnnting density further became low. Upon repeating this printing procedure, jetting of the ink 
stopped irregularly, and thereafter it stopped completely. 

Comparative Example 3 

According to the same manner as described in Comparative Example 2 except for adding 10 g of 
Methylene glycol, 10 g of 2-methylpyrrolidone and 55 g of water in place of 5 g of ethanol 5 g of 2- 
methylpyrrohdone and 65 g of water, water-based pigment ink was prepared. The printing density of this ink 
is low, but it can be employed for printing repeatedly and did not cause failure of jetting at the nozzle 

This ink was then preserved at 50'C for one month and the average particle size and the viscosity 
were measured. As a result, the average particle size increased to 200 nm and the viscosity increased to 7 
mPa.s/25'C. The preserved ink was dispersed again with stirring and printed by the ink-jet printer. As a 
result, a nozzle of the ink-jet printer was clogged with the agglomerated pigment and jetting of the ink 
stopped. 

Comparative Example 4 



Neutral carbon black, which was not oxidized (45 L, manufactured by Mitsubishi Kasei Co.). was 
dispersed in 30 ml of water and 5 g of sodium hypochlorite (an effective chlorine concentration of 12%) was 
ao added, and then the mixture was left at room temperature (20 to 25 -Q for 24 hours. Thereafter, the 
supernatant formed was removed, and the precipitated cake of carbon black was dispersed in methanol and 

filtered. 

The reaction solvent was substituted with methanol by repeating this procedure, and side produced salt 
was completely removed, followed by drying to give a powder of oxidized carbon black, 
as To 5 g of the resulting oxidized carbon black (pH 8). 85 g of water. 5 g of ethanol and 5 g of 2- 
rr.ethylpyrrol.done were added to have the total weight of 100 g. and the mixture was then sufficiently 
stirred to grve a water-based pigment ink. The ink formed a supernatant by standing, and it can not be 
employed for printing. 

As shown in the following Table 1; the surface active hydrogen content and water dispersibility of the 
ao oxidized carbon black obtained in Examples 1 and 3 of the present invention, a commercially available 
ac,d.c carbon black (MA100. 2400B and 45L, manufactured by Mitsubishi Kasei Co.. Ltd.) and an acidic 
carbon black [Color black FW200 (trade name), manufactured by Degsa Co.] were compared 

The content of the active hydrogen of the oxidized carbon black obtained in the present invention was 
about 2.0 mmol/g or more. To the contrary, the active hydrogen content of MA100, 2400B and 45L was 
45 about 0.13 mmol/g, 0.58 mmol/g and 0.16 mmol/g, respectively. 

The water dispersibility of the carbon blacks was then evaluated by measuring the stability in water 
over the time. As a result, the carbon black obtained in the present invention dispersed in water rapidly and 
finely, and was stable even after standing for 60 days. On the other hand, the- commercially available 
carbon blacks floated on the water surface at the initial stage of dispersing, or precipitated with time 
so As descnbed above, the active hydrogen content of the carbon black in the present water-based 
pigment ink is considerably large as compared with a conventional product. Therefore, it is reasonable that 
the present water-based pigment ink of the present invention is marvelously superior in water dispersibility 

The average particle size of the carbon black contained in the present water-based pigment ink may be 
controlled to approximately 150 nm in a simple water-based system without dispersing for long time while 
55 applying a strong shear using various dispersing apparatuses, and without the presence of a dispersion 
resin and dispersant 

It was also observed that the secondary agglomerated carbon black (so-called agglomerate in liquid) 
was finely dispersed because the polar group of the surface was sufficiently miscible with water. 
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Table 1 



Carbon black 


Water dispersibiiity 


Surface active hydrogen content (mmol/g) 


Acidic cond. 1 


Alkaline cond. 


Affin. 2 


Stabil. 3 


Affin. 


Stabil. 


Ex.1 


O 


> 60 day 


© 


> 60 day 


ca. 2.8 


Ex.3 


O 


> 60 day 


© 


> 60 day 


ca. 2.5 


FW200 


A 


< 10 min 


A 


< 10 min 


ca. 1.2 


2400B 


X 


< 2 min 


X 


<2min 


ca. 0.58 


MA100 


X 


< 1 min 


X 


< 1 min 


ca. 0.13 


45L 


X 




X 




ca. 0.06 



Condition 
2 Affinity 

3 Stabi!ity [Evaluation] 

© : Dispersed rapidly and finely and is superior in water affinity. 
A: Dispersed but poor in water affinity. 
X : Not dispersed in water at all. 



Claims 

25 1. Water-based pigment ink comprising water and carbon black, wherein said carbon black has a surface 
active hydrogen content of not less than 1.5 mmol/g. 

2. The water-based pigment ink according to claim 1, wherein the carbon black has a surface active 
hydrogen content of not less than 2.0 mmol/g. 

30 

3. The water-based pigment ink according to claim 1 or 2, wherein the carbon black is contained in an 
amount of 0.1 to 50% by weight based on the total weight of the water-based pigment ink. 

4. The water-based pigment ink according to claim 3, wherein the carbon black is contained in an amount 
35 of 1 to 20% by weight based on the total weight of the water-based pigment ink. 

5. The water-based pigment ink according to any of claims 1 to 4, wherein the average particle size of the 
carbon black is not more than 200 nm. 

40 6. The water-based pigment ink according to claim 5, wherein the average particle size of the carbon 
black is not more than 100 nm. 

7. The water-based pigment ink according to any of claims 1 to 6 t wherein at least a part of the carboxyi 
groups present on the surface of the carbon black forms a carboxylic acid salt with an alkali metal. 

45 

8. A process for producing a water-based pigment ink comprising the steps of: 

(a) providing acidic carbon black; and 

(b) oxidizing the acidic carbon black with a hypohaiite salt in water. 

so 9. The process for producing water-based pigment ink according to claim 8 t wherein the acidic carbon 
black has a pH of not more than 6. 

10. The process for producing water-based pigment ink according to claim 9, wherein the acidic carbon 
black has a pH of not more than 4. 

55 

11- The process for producing water-based pigment ink according to any of claims 8 to 10, wherein the 
hypohaiite salt is sodium hypochlorite and/or potassium hypochlorite. 
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The process for producing water-based pigment ink according to any of claims 8 to 11, further 
comprising the step of: 

(c) washing with water; and 

(d) purifying and concentrating with a separation membrane having a pore diameter of not more than 
0.01 urn. 
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